Ocean Drilling Program Site 658 at 21°N off northwest Africa has a high sedimentation rate and a high concentration of pollen grains and is thus very suitable for detailed pollen analysis.
INTRODUCTION

This paper presents the first results of palynological investigations of sediments from Ocean Drilling Program (ODP)
Site 658 with some remarks on Site 661. Palynological work on marine sediments of the last 130 k.y. has been done by Caratini et al. (1979) on material of the ORGON III expedition west of Cap Blanc and from the Kayar Canyon. RossignolStrick and Duzer (1979) studied three meteor cores northwest of Dakar covering the last 22.5 k.y. These studies recognized the importance of wind transport of pollen into the Atlantic. A grouping based on the geographical origin of the pollen taxa was made. Agwu and Beug (1982) further explored the possibility of marine palynological work in meteor cores between 33°N and 7°N off the West African coast. Melia (1984) , using Atlantis II material, related the pollen and aerosols demonstrating the influence of the prevailing wind direction off the coast of northwest Africa.
A study of more than 100 surface and core-top samples from the marine sediments west of Africa between 34°N and 6°N (Hooghiemstra et al., 1986) confirmed that in this area, pollen transport by wind is much more efficient than transport by water (ocean currents). Furthermore, several pollen types were found to be indicators of transport by individual wind systems, mainly the northeast trade winds and the African Easterly Jet (AEJ).
These results, obtained from the modern situation, were subsequently used as a basis for interpreting older marine cores mostly situated on the trajectory of the northeast trade winds and the AEJ. Hooghiemstra (1988a) studied meteor core M 16017-2 located near the site of Hole 658 off Cap Blanc at 21°N. The pollen sequence in this core covers the interval from 20 to 5 k.y. (isotope stages 2 and 1). Site 658 and core M 1 Ruddiman, W., Sarnthein, M., et al., 1989. Proc. ODP, Sci. Results, 108: College Station, TX (Ocean Drilling Program) .
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16017-2 are both situated on the trajectories of the trade winds and the AEJ.
The results of Hooghiemstra (1988a) confirmed those of Sarnthein and Koopmann (1980) and Sarnthein et al. (1982) : the AEJ remained stable in its position despite glacial/interglacial climatic fluctuations. Therefore, the pollen assemblage transported to the core site at 21°N from eastern source areas depends on the type of vegetation in the source area of the AEJ. In more arid periods, the AEJ dust load contains more ChenopodiaceaeAmaranthaceae pollen. In humid periods, grass pollen from the Savanna and Sahel Zones will be blown in high quantities westward to the Atlantic Ocean because those zones shifted northward during periods more humid than today.
The northeast trade winds appear to have remained in their present position through the different isotope stages but to have changed in strength. A comparison between terrestrial palynological sequences from Spain and Morocco with marine cores revealed that strong northeast trade winds in glacial periods caused an increased pollen influx, while in interglacial periods the pollen transport by the weaker trade winds was diminished (Hooghiemstra, 1989) .
Since Site 658 is located in the trajectories of two wind systems, each of them contribute to the pollen influx of Poaceae (grasses) and Chenopodiaceae-Amaranthaceae. River runoff, as indicated by Rhizophora pollen, has been found to occur just after the end of the dry period from 20 to 14 k.y. (RossignolStrick and Duzer, 1979; Hooghiemstra, 1988b) .
The ultimate aim of palynological investigations of ODP sites is to extend pollen studies to the bottom of Site 658 at an age of about 3.5 Ma. The present report deals mainly with the first 100 m of Site 658 covering isotope stages 1 to 17 (Holocene to middle Pleistocene). It includes some preliminary remarks on Site 661. This paper reports on the character of the different isotope stages with respect to vegetation, climate, wind transport, and pollen productivity (influx). We show initial results of spectral analysis. A quantitative evaluation of the importance of the individual wind systems is given by Dupont (1989) .
MATERIAL AND METHODS
Site 658 is situated at 20°44.95'N and 18°34.85'W at a water depth of 2263 m on the continental slope 160 km west of Cap Blanc. Three
DIFFERENT POTENTIAL OF SITES 661 AND 658
There are large differences in the sedimentation rate between the two sites. Site 661 has a sedimentation rate of 1.5 cm/k.y. for the upper 63 m and 0.4 cm/k.y. for the interval between 63 and 82 m, while Site 658 has a rate of 15 cm/k.y. in the upper 100 m (Ruddiman, Sarnthein, et al., 1988) .
Pollen concentrations of at least 50 grains per sample were found for the first 20 m of Hole 661 A, but very few pollen grains were recovered below this depth (about 1.3 Ma). Bonnefille et al. (1982) report that most Pliocene levels from Deep Sea Drilling Project (DSDP) Site 367, located in the Cape Verde basin north of Site 661, are devoid of pollen, too.
The pollen assemblage in the upper 20 m of Site 661 is comparable with that found by Hooghiemstra and Agwu (1988) in meteor core M 16415-2 nearby. The large sample spacing (1 per 100 k.y.) prevents a close comparison of the results from Site 661 with those from Site 658. At Site 661, between 13 and 20 m (about 800-1300 k.y.), pollen of Podocarpus were found. The occurrence of Podocarpus in the middle Pleistocene of tropical western Africa has also been found by Morzadec-Kerfourn (1988) . She reports the disappearance of Podocarpus after isotope stage 16 from the sediments of a marine core at 9°N and 17°W.
The oxygen isotope curve at Site 658 provides a highresolution stratigraphy and a good time scale. In addition, the high sedimentation rate and abundant pollen grains make Site 658 ideal for detailed research on vegetation, wind systems, and aridity of northwestern Africa during the last 3.5 Ma. For these reasons, the rest of this paper examines the palynological data from Site 658.
DATING AND STRATIGRAPHY OF SITE 658
A detailed oxygen isotope record (resolution about 2600 yr) has been obtained for a Pleistocene section at Site 658 down to the base of isotope stage 17. Specimens of the planktonic foraminifer Globorotalia inflata and the benthic foraminifer Cibicidoides wuellerstorfi were used for oxygen isotope analyses (see Fig. 1 ).
The time scale for the last 670 k.y. is based on biostratigraphic data (Shipboard Scientific Party, 1988) and on the isotopic stratigraphy of Imbrie et al. (1984) and Martinson et al. (1987) with the graphical correlation technique of Pisias et al. (1984) and Prell et al. (1986) . This technique requires the identification of unique isotopic events correlated into a standard oxygen isotope taxonomy. Further information and details of the oxygen isotope record of Site 658 are given in Sarnthein and Tiedemann (this vol.).
CLUSTERING AND INTERPRETATION
We clustered the record into six pollen groups: A to F (see also Fig. 1 and Appendix A).
Group A contains Cyperaceae; taxa from swamps and wet localities, including Rhizophora (mangrove); and pollen from the Sudanese and Guinean Savanna (group 5 and 6 of Agwu and Beug, 1982) . All these elements are favored by humid conditions.
The family of Cyperaceae has many representatives in wetter habitats and swamps, and the isopollen map for Cyperaceae (Hooghiemstra et al., 1986) shows a river-dependent component.
Apart from humid areas, Cyperaceae are also important at the boundary between the Sahara and the Sahel (Cour and Duzer, 1976; Schulz, 1987) . Transport of Cyperaceae pollen by the AEJ will be important when the Sahel-Sahara boundary has shifted to the north during more humid times. The effect of vegetation types rich in Cyperaceae growing in the trajectory of the AEJ will therefore amplify the effect of the extension of humid areas producing Cyperaceae pollen grains.
Pollen grains of Rhizophora are probably transported by water to a great extent (Hooghiemstra et al., 1986) . Periods with higher values of the mangrove pollen speak for a more humid climate. Mangrove swamps in deltas are, moreover, an indication of heavier river runoff.
Group B consists of Poaceae (grasses). This family has representatives in almost all biotopes, but they are especially abundant in the savanna. The isopollen map of recent marine material for Poaceae reflects mainly the position of the savannas of the Sudan and the Sahel (Hooghiemstra et al., 1986) .
Group C contains desert elements from Sahara and Sahel. It includes Chenopodiaceae-Amaranthaceae from the Sahara and Sahel (Lezine, 1987) ; Calligonum mainly from the Sahara (Cour and Duzer, 1976; Rossignol-Strick and Duzer, 1979; White, 1983) ; and Capparidaceae mainly from the Sahel and the Sudanese savannas (Rossignol-Strick and Duzer, 1979; Maley, 1983; Lezine, 1987 Group D contains pollen types coming from Europe (mainly Pinus pollen) and the Mediterranean area (group 1 and 2 of Agwu and Beug, 1982) .
Group E contains elements from dry communities in the southern Mediterranean and northern Sahara. It includes Artemisia and other Asteraceae (Compositae), both mainly from the Mediterranean (vegetation zones VII and XVIII of White, 1983) , and Ephedra, mainly from the northern Sahara (vegetation zones VII, XVII, and XVIII of White, 1983) .
In addition, we use the term "trade-wind indicators," as proposed by Hooghiemstra (1988b) and Hooghiemstra et al. (1987) . That term covers pollen of Pinus, Ephedra, and Asteraceae (including Artemisia), all of which are pollen taxa that are supposed to be transported exclusively by the northeast trade winds to core sites off the West African coast. The majority of pollen grains in Groups D and E are formed by these trade-wind indicators.
In Figures 2 and 3 , a selected number of pollen curves is presented. We show curves of "Site 658 taxa" that are indicative of major shifts in vegetation zones, the intensity of northeast trade winds and AEJ, and river runoff.
In general, the influx diagram ( Fig. 2 ) displays: (1) changes in the efficiency of wind transport, which is related to changes in wind speed; (2) changes in the pollen production of the vegetation within the source area; and (3) changes in the distance from the source area to the core site. For interpreting the influx diagram in terms of wind transport, it is necessary to estimate the individual contribution of the two wind systems involved (Dupont, 1989) .
The percentage diagram (Fig. 3 ) also reflects shifting vegetation zones, as well as changes in vegetation composition.
ZONING OF THE DIAGRAM
The oxygen isotope record shows major fluctuations that are for the most part caused by variations in global ice volume ( Labeyrie et al., 1987) and secondarily by local changes in ocean temperature. The high average rate of sediment accumulation at Site 658 (about 15 cm/k.y.) is especially advantageous for deciphering the details of climatic history because the smoothing impact of bioturbation can be largely excluded. The palynological sequence has been described with reference to the oxygen isotope stratigraphy because of the good agreement between the fluctuations in these curves (Fig. 1) . All isotope stage transitions could be recognized in the pollen diagram with the exception of those of stage 9. Zone 9 of the pollen diagram spans 331-315 k.y., while isotope stage 9 lasts from 339 to 303 k.y. This means a strongly delayed response of the vegetation to climatic amelioration at the beginning of stage 9 and an early vegetational response to climatic deterioration at the end of this stage.
The pollen diagram is divided into 34 zones. Table 1 shows a highly schematic description. The depths and ages of the zones are given. Percentages and influx values are classified as high, middle, and low. The zones are numbered according to the isotope stages. If there are several zones in one isotope stage, the zones have been labeled with characters (stage 14, for instance, holds Zones 14a, 14b, and 14c). In some cases, several isotopic events fall within the same zone (e.g., 6a, 7a, 8a, and 11a); in two cases (13b and 13c), no isotopic event could be detected. Most of the humidity indicators (Group A) correspond with isotopic event 5.1 at the top of Zone 5b, but a separate zone has not been distinguished.
The zones are classified into two groups, "glacial" (G) and "interglacial" (I), based mainly on the relative abundance of Groups D plus E and Group A. Zones with high percentages of trade-wind indicators are grouped in drier glacial (G) zones, and those with high percentages of humidity indicators, in the more humid interglacial (I) ones. We establish four types of G and three types of I zones, described as follows.
Type II (Zones 8b, 11a, 13a, 13c, and 17 Note: Isotopic events correlated with the zone; those events that are not clearly shown by the isotopic record appear in brackets. Age of the lower boundary of the zone in k.y. Pollen influx values are classified into low (-), middle (o), and high (+) for trade-wind indicators (TI), Chenopodiaceae-Amaranthaceae (C-A), Poaceae (P), and Cyperaceae (C). Pollen percentage values are classified into low (-), middle (o), and high (+) for trade-wind indicators (TI) and humidity indicators (HI). Column labeled "Other curves" indicates maxima in the percentage curves of other taxa (Pi = Pinus curve over 10%, Cal = Calligonum, Cap = Capparidaceae, Rh = Rhizophora). Derived zone types (Gl, G2, G3, G4, 13, 12, II; see explanation in the text) appear in column labeled "GGGGIII" and are arranged from arid to humid. R = river load expected. Depth of the upper and the lower sample of each zone appears in centimeters in the last column.
L. M. DUPONT, H.-J. BEUG, H. STALLING, R. TIEDEMANN Table 1 . Zoning and classification of the pollen data.
and a high influx of Poaceae and Cyperaceae (Fig. 2 ). This type represents warm and humid phases. The high influx of Poacea indicates a northern position of the Sahel-Sahara boundary, probably north of 23°N. Type II differs from other humid types by having much larger influx values for most pollen taxa. The high pollen influx is explained by a high pollen production, produced by a denser vegetation. Most of the zones of Type II contain pollen grains of Rhizophora. This occurrence of Rhizophora is probably associated with pollen transport by the Senegal River. Type 12 (Zones 1, 5e, 9, lie, 14a, and 15b) shows a low influx of Chenopodiaceae-Amaranthaceae and trade-wind indicators, and a moderate influx of Poaceae and Cyperaceae. This type also represents a warm and humid climate, but with much less pollen production than in the Type II zones. The Sahel-Sahara boundary would still be at a northern position (about 23°N), comparable with its position at 9 k.y. (Hooghiemstra, 1988b) . The lower influx values indicate less effective wind transport, especially of the trade winds.
Type 13 (Zones 5c, 6b, 7b, 7d, and 14c) is characterized by a higher influx of Chenopodiaceae-Amaranthaceae and by a lower influx of Poaceae. This indicates a more southern position of the Sahel-Sahara boundary than for Types II and 12, probably at about the same latitude as today. Therefore, Type 13 is thought to represent drier conditions. Type G4 (Zones 5b, 7a, 8c, lib, 13b , and 15a) is transitional between Zones G and I. It shows a moderate influx of trade-wind indicators and Chenopodiaceae-Amaranthaceae and moderate-to-low influx values for Poaceae and Cyperaceae. The Sahel-Sahara boundary is probably at about the same position as is Type 13 (and today), or a bit farther south. Trade-wind transport becomes more important, as indicated by the moderate influx of the trade-wind indicators.
Type G3 (Zones 7c, 8a, 13d, and 14b) is characterized by high influx values for most of the pollen taxa, with only the Cyperaceae showing moderate influx values. The Sahel-Sahara boundary is still at an intermediate latitude. The high influx values indicate an effective trade-wind transport and probably a high or moderate pollen production. Conditions were probably more arid than during the 13 zone, but not as arid as during the G2 zones.
In Type G2 (Zones 3 and 16), the Sahel-Sahara boundary has migrated further south, as indicated by a low influx of Poaceae. The influx of Chenopodiaceae-Amaranthaceae is still high, and the influx of trade-wind indicators is moderate. It shows rather arid conditions.
The last zone, Type Gl (Zones 2, 5d, 6a, 6c, 10, and 12), is characterized by extremely low influx values for all taxa, with the possible exception of the trade-wind indicators. For this zone type, trade-wind transport is probably strong, but the pollen production in and north of the Sahara is extremely low, indicating very arid conditions and a southernmost position of the Sahel-Sahara boundary (at about 14°N, the same latitude as at 18 k.y.; Hooghiemstra, 1988b) .
STEPS IN THE DEVELOPMENT OF VEGETATION
The pollen taxa in Figure 3 , with the exception oiPinus and the trade-wind indicators, are arranged according to their aridity/humidity indicator values. Time-transgressive shifts (lasting about 15 k.y.) of the successive maxima of these curves are shown.
At the transitions between Zones 17 and 16, between Zones 15b and 15a, and at the bottom part of Zone 12, a full development from wet to dry conditions is shown by the successive maxima of Cyperaceae, Poaceae, Chenopodiaceae-Amaranthaceae, Artemisia, and Ephedra (indicated by solid bars and left-pointed arrows). The development through Zones 17 and 16 spans an exceptionally long time.
At the transition from Zones 8a to 7d, 6a to 5e, and 2 to 1, a development from dry to wet conditions is shown (solid bars and right-pointed arrows). For Zone 10, which is represented by a well-developed Ephedra peak, there is a sequence of maxima at the beginning, which indicates a development from humid to arid conditions and then back to humid.
RESPONSE OF THE POLLEN SIGNAL TO ORBITAL FORCING OF THE CLIMATE
The frequency spectra of the pollen data has been crosscorrelated with computed variations in eccentricity, obliquity, and the precessional index (ETP data, provided by J. Imbrie; Imbrie et al., 1984) . In Table 2 , the main results are given for the influx curves of Poaceae (Fig. 4) , Cyperaceae (Fig. 5) , Ephedra ( Fig. 6 ), Chenopodiaceae-Amaranthaceae (Fig. 7) , and for the percentages of the trade-wind indicators (Fig. 8) . Only significant frequencies are taken into account.
Cross correlation between Poaceae and Cyperaceae shows that both spectra are highly coherent. This indicates that most Poaceae and Cyperaceae pollen grains share their source area and transport mechanisms. Vegetation types with important Poaceae and Cyperaceae pollen production are probably located around the Sahel-Sahara boundary (see "Clustering and Interpretation" section, this chapter). Pollen from these regions will be transported mostly by the AEJ into the Atlantic.
Coherency spectra of Poaceae (Fig. 4) and Cyperaceae (Fig. 5) show a 40-k.y. period that corresponds with the obliquity signal. Cyperaceae lag by 4 k.y., and Poaceae by 5 k.y. This indicates a dependence of the shift of the SahelSahara boundary on the tilt of the earth's axis (cf. Kutzbach and Street-Perrot, 1985; Kutzbach and Guetter, 1986) . Also, the trade-wind indicators show coherence with obliquity (42 k.y.; Fig. 8 ) with a phase lag of 135°. Tiedemann et al. (this vol.) , however, found only subordinate 40-k.y. rhythms in dust flux rates of Site 659 at 18°N.
Power spectra of Ephedra influx values show a maximum at 20 k.y. (Fig. 6 ), Chenopodiaceae-Amaranthacea at 23 k.y. (Fig. 7) , and the percentages of the trade-wind indicators show maxima at 23 and 18 k.y. (Fig. 8) . The maximum in the Poaceae spectrum, however, is not significant. Although a precessional dependence in the response of the vegetation of the Sahara and Sahel is likely (Prell and Kutzbach, 1987) , low coherences preclude meaningful estimates of phase.
Pollen of Ephedra and the trade-wind indicators show strong out-of-phase correlations with the glacial rhythm of 100 k.y. (Table 2) . Thus, the strength of the northeast trade winds is, apart from a dependence on obliquity, probably dependent on glacial boundary conditions. Note: Periodicities are given in k.y., with the band width in parenthesis. Phase shifts are given in degrees, with the confidence interval given at the 80% level. The time lag that the pollen signal is behind the ETP curve appears in parentheses. Ruddiman et al. (1986) showed significant 31-k.y. power in sequences from the North Atlantic, and Pisias and Rea (1988) found a significant 31-k.y. power in the equatorial Pacific. These authors give different possible explanations of the 31-k.y. frequency, but they do agree that the phenomenon is real.
Our Ephedra frequency spectrum shows maxima at both 33 and 53 k.y., while the Chenopodiaceae-Amaranthaceae only show a 29-k.y. power maximum, and the Cyperaceae show power at 59 k.y. This indicates that the 31-k.y. and 54-k.y. frequencies have different sources. The 54-k.y. frequency may have something to do with ice-sheet rhythms (Ruddiman et al., 1986) , while the 31-k.y. may be a high-order frequency amplified by resonance in the climate system (Pisias and Rea, 1988) .
LONG-TERM CHANGES DURING THE BRUNHES EPOCH
Apart from the "high-frequency" fluctuations described by the zoning and the spectral analysis, many basic differences are detected between the lower and upper parts of the sequence.
1. Zones of Type II, with the most humid conditions, only occur before 280 k.y.
2. The Poaceae pollen abundance shows a long-term decline, with maxima over 40% only before 300 k.y.
3. Stages 8 and 14 are surprisingly mild for glacial stages, with no severe aridity as in the zones of Type Gl or G2.
4. Strong glacial fluctuations (Gl zones) are only found after 480 k.y.
5. The Sahelian Capparidaceae occur almost exclusively before, and the Saharan Calligonum after, 200 k.y. Both taxa are found in the colder and drier stages.
6. The amplitude of variations of the trade-wind indicator percentages gradually increases with time. From these data, we conclude that the intensity of the humid interglacial stages decreased after 280 k.y. and the intensity of the arid glacial stages increased after 480 k.y.
*10 ^frequencies
Several authors report a change in the paleoclimatic record at 0.4 or 0.3 Ma (Schramm, 1985; Pisias and Rea, 1988) . Climatic deterioration in the late Quaternary is reported for the Northern Hemisphere and amelioration for the Southern Hemisphere and the equatorial regions (Jansen et al., 1986; Chuey et al., 1987) . The pollen data of Site 658, however, indicate a trend toward stronger glacial stages and weaker interglacial stages during the younger part of the Brunhes Epoch.
The Sahel-Sahara boundary in some of the early humid interglacial stages was probably north of the position that was found for the early Holocene (9 k.y.). This would imply that the area with extremely arid vegetation types must have been very restricted or even nonexistent during such times in northwest Africa.
CORRELATION BETWEEN THE SITE 658 AND
THE TENAGHI PHILIPPON SEQUENCE We compare pollen data of Site 658 with those of the long terrestrial sequence from northern Greece (Tenaghi Philippon: Wijmstra and Smit, 1976; Wijmstra and Groenhart, 1983; and Wiel and Wijmstra, 1987a, 1987b) . The Tenaghi Philippon pollen sequence (Fig. 9) covers the period from the Holocene through the middle Pleistocene down to isotope stage 23 and has been analyzed at a high time resolution (closer than 1 sample per k.y.). The authors date their sequence by correlating with marine isotope stages and by the establishment of the position of the Brunhes-Matuyama boundary and the Jaramillo Event.
The correlation between Site 658 and Tenaghi Philippon is eased by the fact that aridity is an outstanding climatic factor during glacial stages in both areas. During glacial stages, a broad Saharan desert belt under an arid climate extended far northward into the present Mediterranean and North Africa, and southward into the savanna. In northern Greece, the arid climate during cold periods resulted in a predominantly steppe environment with much reduced growth of trees.
In both sequences, long-lasting and extremely arid climatic conditions prevailed during stages 16, 12, 10, and the lower part of stage 6. Furthermore, sharp climatic changes occurred across several stage transitions: 17/16,13/12,12/11,11/10, and 10/9. Stage 14 displays rather mild aridity for an even isotope stage in both regions.
For the odd stages, periods with main occurrences of evergreen oaks in the Mediterranean partly correspond with zone Type II at Site 658 (11a and 13c). In the Mediterranean, 
CONCLUSIONS
Sediments from Site 661 are suitable for pollen analysis in the upper 20 m (last 1.3 Ma). Below this depth pollen concentrations are too low for reliable analyses.
Sediments from Site 658 have high accumulation rates and high pollen concentrations. Isotope stratigraphy provides a detailed time scale. The following conclusions can be drawn from a pollen analysis of the upper 100 m (last 680 k.y.).
A good agreement exists between the oxygen isotope record and the percentage curves of Group A (Cyperaceae, taxa from swamps and wet localities, and from the Sudanese and Guinean savanna). The percentages of trade-wind indicators {Pinus, Ephedra, Artemisia, and other Asteraceae) show a negative correlation with oxygen isotopes.
Cyperaceae pollen probably have an important source area at the Sahel-Sahara boundary, as well as in swamps and wet localities in other parts of northwest Africa. The high coherency between the spectra for Poaceae and Cyperaceae pollen confirms the sharing of source localities (Sahel-Sahara boundary) and transport systems (i.e., AEJ).
Time-transgressive shifts of successive maxima of Ephedra, Artemisia, Chenopodiaceae-Amaranthaceae, Poaceae, and Cyperaceae show a gradual increase or decrease in overall humidity. Eight shifts, most of them lasting about 15 k.y., are recognized in the percentage diagram.
The pollen influx diagram shows large fluctuations. They are explained in terms of wind vigor and pollen production. Arid glacial periods showed sparse vegetation in large parts of northwest Africa and very low pollen production. A probable strong northeast trade wind resulted in high percentages, but low influx values, of trade-wind indicators.
The more humid interglacials had a high pollen production. The high influx of Poaceae indicates a northern position of the Sahel-Sahara boundary. The low percentages of trade-wind indicators suggest weak northeast trades.
Intermediate to these extremes, five additional zone types are recognized in the pollen diagram, indicating variations in humidity, latitude of the Sahel-Sahara boundary, vigor of the northeast trade winds, and AEJ.
The Sahel-Sahara boundary probably shifted many times during the last 680 k.y. between 14°N and north of 23°N (Fig.  10) . The estimated variations in humidity and northeast tradewind intensity are depicted in Figure 10 .
The main occurrences of evergreen oaks in the eastern Mediterranean partly correspond with our humid interglacial stages 11a (385-362 k.y.) and 13c (511-503 k.y.). Very arid conditions in both northwest Africa and the Mediterranean prevailed during isotope stages 16, 12, 10, and the lower part of stage 6.
Strong 42-k.y. power, coherent with the ETP curve, is found in the spectra of trade-wind indicator percentages and the influx of Poaceae and Cyperaceae. Ephedra and the percentages of trade-wind indicators show a strong 100-k.y. rhythm that is also coherent with ETP. A 23-k.y. power, although not coherent with ETP, is found for the Chenopodiaceae-Amaranthaceae influx and the tradewind indicator percentages. In addition, the Chenopodiaceae-Amaranthaceae influx frequency spectrum shows power at 29 k.y., while that of Ephedra shows power at both 33 and 53 k.y. The intensity of the humid interglacial stages decreased after 280 k.y., and the intensity of the arid glacial ones increased after 480 k.y. 2. Mediterranean elements: Asphodelus, Cistaceae, Gypsophila, Olea, Phillyrea, Polycarpon, Quercus, Rhus, Sagina, ThymelaeGroup F Others: Acanthaceae pp., Apiaceae, Boraginaceae, Brassicaceae, Campanulaceae, Caryophyllaceae pp., Celastraceae, Convolvulus, Cucurbitaceae, Ericaceae, Euphorbiaceae pp., Euphorbia, Iridaceae, Lamiaceae, Leguminosae pp., Liliaceae, Linaceae, Malvaceae, Oleaceae pp., Polygala, Polygonum reticulate type, Ranunculaceae, Rosaceae, Rubiaceae, Rutaceae.
Ferns.
Dinoflagellates.
Note: The grouping in several vegetation zones was made using Caratini et al. (1979) , Rossignol-Strick and Duzer (1979) , Agwu and Beug (1982) , Maley (1983) , White (1983), Hooghiemstra et al. (1986) , and Lezine (1987). 
APPENDIX B Pollen Concentration Values of the Upper 100 Meters of Ocean Drilling Program Site 658
Core, section, interval (cm) 21700  12100  21700  12100  21700  12100  21700  12100  21700  12100  21700  21700  21700  21700  12100  21700  12100  24200  21700  24200  21700  24200  21700  21700  24200  21700  24200  21700  24200  21700  24200  21700  24200  21700  21700  21700  21700  21700  21700  21700  21700  12100  21700  21700  21700   Total  Lycopodium  counted   546  119  221  124  424  125  200  100  623  100  200  217  241  416  100  200  100  258  200  200  200  233  200  201  306  200  200  200  200  200  200  200  287  200  315  200  246  200  200  200  200  48  200  200  200   Total  pollen  counted   305  308  306  307  306  307  350  619  306  337  364  306  304  305  598  560  512  306  480  363  508  307  631  406  304  398  316  820  528  591  773  340  306  471  312  329  309  341  385  537  328  301  465  794  889 Note: Pollen concentration values are given in number (n) per cm . Lycopodium was used as a marker spore. The influx values mentioned in this paper are derived by multiplication of the concentration values with the sedimentation rates.
